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In considering head injuries, one of the 
first things to realize is that it is uncommon 
for a patient with a head injury to have that 
as his only injury, The majority of head 
injuries come from road accidents and 
usually there are associated limb fractures, 
chest injuries and perhaps intra abdominal 
injuries, which considerably complicate the 
management of the patient. I am going to 
confine my remarks to the pure head injury 
alone, excluding fractures of the face and 
jaws. At the Royal Hobart Hospital about 
280 head injuries are admitted per year, of 
whom approximately 130 are moderate or 
severe, approximately 20 are dead on arrival, 
and a further 15 die after admission. 
In many points there is similarity of 
management for different injuries, for 
example, the treatment of shock and blood 
loss is common to many cases of trauma; on 
the other hand certain sites of injury require 
special treatment. Thus in the patient com-
monly seen with multiple injuries, the picture 
of management is a composite one. 
In such cases of multiple injury it is impor-
tant to determine the priority in treatment 
of the various measures required. The first 
objective is to save life, and such measures 
as ensuring a clear airway and arresting 
haemorrhage must obviously come before 
other essential but less urgent things like fixing 
a fracture or repairing a perforated bowel. In 
cases of brain damage together with a frac-
tured thigh or pelvis, the care of the head 
injury may have to take precedence over the 
ideal treatment of the other injuries, and first-
aid type splinting may have to suffice for 
several days. 
In the acute stage, at least, the manage-
ment of head injuries is almost solely a 
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medical and nursing problem, but a descrip-
tion of this stage will aid the physiotherapist 
to an understanding of what is occurring and 
an appreciation of why certain things are 
being done, and also an appreciation of what 
may or may not be done to such a patient. 
Head injury patients are often frightening 
patients unless one has some knowledge of 
what is happening both inside and outside the 
body. 
ANATOMY OF THE SKULL AND BRAIN 
In reminding you of the relevant anatomy, 
one can start with the skulL This may be 
considered as a rigid bony box with a 
number of holes in it for the entry and exit 
of nerves including the spinal cord, and of 
blood vessels. The box is distinguished by 
the fact that it is lined inside by many pro-
jections such as the sphenoid ridges, tem-
poral ridges, and others, and has a tough 
dividing membrane, the falx, in the central 
sagittal plane and over the posterior fossa, 
and this falx also has sharp edges around its 
central gap. The bone structure of the cranium 
is in two layers or tables and when cracked 
the inner table of bone in the area of the 
injury often flakes off and projects inwards. 
Inside this bony box is the brain; a serai-
solid structure supported externally by three 
layers of lining membranes or meninges — 
the dura, arachnoid and pia maters—and 
between the latter two is a layer of cerebro-
spinal fluid which absorbs minor shocks and 
allows a little space for swelling or displace-
ment of the brain. The brain surface is 
covered by a rich plexus of vessels derived 
mostly from the main vessels supplying the 
brain substance. The brain itself consists of 
nerve cells or neurones which are mainly 
located on the convoluted surface (the grey 
matter), and a vast interconnecting network 
of nerve fibres (the white matter) which com-
prises the main bulk. 
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In considering brain injury it is impor-
tant to know what parts of the brain are 
responsible for what functions, that is, the 
geography of the brain. By experience and 
by experiment quite a lot has been discovered 
and we now know fairly well what some areas 
of the brain are responsible for; other areas 
are still shrouded in speculation. The best 
known area is that on the precentral convo-
lutions, the so-called motor area or pyramidal 
area, and here the zones corresponding to 
hand, limb, body, foot and other muscle 
group movements have been mapped out. 
Similarly the main sensory areas are known 
and are located over the post-central gyrus. 
We know the visual area is at the occiputal 
poles, that the speech area is below the 
premotor area, and so on for several other 
zones. 
It is important to consider the motor area 
a little more closely, as this is the area con-
trolling movements, not individual muscles, 
but co-ordinated muscle movements. In the 
pyramidal area, those parts of the body 
where fine discreet movements are necessary, 
such as the hand, have a much greater areal 
representation than those parts where only 
gross movements are usual, for example, the 
trunk. This is because the many fine move-
ments of the fingers and thumb require many 
more neurones to give control of the various 
movements possible than are required for, say, 
the rest of the arm. 
Anterior to the motor area is the so-called 
premotor area which again is responsible for 
initiating movement, but instead of the dis-
creet, fine, accurate control of the motor area, 
this premotor zone can only initiate large co-
ordinated movements. Thus if the motor area 
to the hand is destroyed, the premotor area 
may be able to cause hand movements of the 
larger variety, but not such movements as 
picking up a pin. 
Destroyed nerve tissue is replaced by scar 
tissues with no nervous function. Thus, when 
part of the brain is destroyed, the individual 
permanently loses the use of that part although 
some overlap effect by adjacent areas may 
enable partial function to return. 
Behind the central fissure is the post-central 
gyrus where the sensation of touch is appre-
ciated, arranged almost as a mirror-image of 
the geographical distribution on the motor 
area, that is, the area serving a particular part 
of the body is related to the sensory function 
of that part, thus the fingers have a much 
greater areal representation than the back. 
This zone is for fine epicritic sensory appre-
ciation, whilst posterior to it is the post-sen-
sory area where cruder so-called protopathic 
sensations (gross joint movement) are recog-
nized. 
When parts of these sensory and motor 
areas of the brain are injured there may be 
corresponding loss of movement or sensation 
in that part of the body represented in the 
injured area, and this often enables precise 
diagnosis of the site of injury to be made. 
Paralysis, loss of vision, sensory disturbances 
and so on can all be of diagnostic importance, 
more important in non-traumatic brain lesions, 
such as tumours, than in trauma, when un-
consciousness and restlessness may prevent 
elucidation of these signs. 
The motor fibres from the grey cells of the 
cortex pass down and in through the brain to 
form a narrow pathway between the basal 
nuclei. In this region they are joined by 
fibres from various basal nuclei which in-
fluence muscle tone—the extra pyramidal 
tracts. Both pathways then proceed into the 
brain stem and the majority cross over and 
descend in the opposite side of the spinal 
cord to supply and activate the appropriate 
muscles on the opposite side of the body. 
Without going into too much detail it is to be 
noted that a cortical brain lesion will cause 
a typical upper neurone paralysis, loss of 
voluntary movement, increased muscle tone 
and tendon reflexes, because of release of 
control over the extra pyramidal nuclei 
whereas a lesion involving the extra pyramidal 
areas may result in paralysis in extension or 
flexion, decerbrate rigidity, involuntary 
movements and so on. Thus the posture of 
patients with head injury is often variable 
and may help in diagnosis of the site of the 
damage. One sees similar effects in disease 
due to cerebral embolus or haemorrhage 
when spastic hemiplegia may occur. I have 
mentioned this because the tone of muscles 
is of interest to physiotherapists and in the 
injuries under discussion abnormal tone, 
spastic or flaccid, is common. Changes in 
muscle tone may herald the onset of rising 
pressure inside the skull due to various causes 
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and may indicate the need for surgical inter-
vention. Normal posture and smooth co-
ordinated movements are indicative of mild 
cerebral injury and usually indicate good 
chance of recovery. 
Sensory fibres reach the spinal cord and 
the majority cross and ascend to the contra-
lateral cerebral hemisphere. An exception to 
this general rule is the facial nerve (VII) 
which carries the motor and sensory fibres to 
the same side. Thus one can get a picture 
of paralysis of face muscles on the side of the 
injury and paralysis of limb and body muscles 
on the opposite side. 
Having skimmed over the anatomical basis 
for the treatment of head injuries, let us now 
pass to a consideration of the mechanisms of 
head injury. 
MECHANISMS OF HEAD INJURY 
The most important aspect in a head injury 
is the brain injury — the crack in the bony 
covering is of itself far less important, but it 
is useful as an indication of the probable site 
of underlying brain damage. 
In discussing the mechanisms of head in-
jury I will dismiss skull injuries by saying 
that they are due to direct trauma, by a blunt 
or sharp surface of weapon, which, depending 
on the force applied, may result in a mere 
crack or a depressed fracture, or in a gross 
deformity, which would probably be fatal. 
When we come to brain injuries, however, 
often quite different mechanisms come into 
play. First, of course, is the obvious direct 
injury by an axe, a bullet or other object 
which directly destroys that part of the brain 
which it contacts. 
Secondly, there is the effect of sudden 
acceleration or, as is more usual, decelera-
tion. This is the case when a motor cyclist or 
his pillion rider flies off at 40 m.p.h. and is 
brought to a sudden stop by the road surface. 
The deceleration force from 40 m.p.h. to 
zero m.p.h. in a fraction of a second is terrific 
and one can easily imagine that the semi-
liquid brain—like blanc mange—moves for-
ward after the skull has come to a halt and 
literally almost slops up against the bone and 
bony ridges and then bounces back again. 
This produces severe brain damage both at 
the site of impact and on the opposite side of 
the brain. One does not need to be travelling 
at much speed to receive this type of injury 
in an accident, and in this regard crash 
helmets, which break the fall and reduce the 
deceleration, have been very effective in 
lowering the mortality from head injuries. 
The third, and equally important mechan-
ism, is that of sudden rotation of the head, 
as may occur with a severe blow on the back, 
or a punch on the jaw, or more commonly 
as part of a fall when the head strikes the 
ground. Here again the inertia of the brain 
suspended inside the skull results in the brain 
staying still whilst the skull is twisted so that 
the blood vessels on the surface between the 
membranes and the brain may be sheared off 
or torn causing haemorrhage which may 
result in compression of the brain. Similarly, 
the brain may be bruised or lacerated by the 
rotation of the various projecting ridges in-
side the skull. 
The final mechanism of injury to mention 
is that of brain compression. This may be 
due to a depressed fracture, but of more im-
portance is that due to arterial bleeding inside 
the skull. Venous bleeding may also cause 
compression but is of much slower onset. As 
the artery bleeds, owing to direct injury or 
shearing injury, the accumulating blood 
forces the brain into a smaller volume, because 
the volume of the skull is fixed. Signs of 
compression are always watched for by the 
medical and nursing staff and is suspected 
if the pupils dilate, the blood pressure rises, 
and consciousness deteriorates. These signs 
call for immediate relief by operation or 
death will result. 
You have doubtless heard the word "con-
cussion" used. In its true sense it means in-
stantaneous loss of consciousness. The exact 
cause or pathology is unknown; it is thought 
to be due to depolarization of the brain cells. 
It is known that it is necessary for the brain 
to be subjected to a force greater than a 
critical level before concussion results. Ex-
periments have been done to show that this 
critical force is equal to the deceleration 
resulting from falling from a 16 ft. wall onto 
the head. The period of unconsciousness 
may last from seconds to weeks depending 
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on the severity of the trauma and associated 
brain damage. All cases of concussion have 
amnesia (loss of memory) for the period 
immediately preceding the accident, and the 
length of the time forgotten is proportional 
to the severity of the damage. 
The effects of these various injuries to the 
head may be: 
bruising, oedema, or laceration of the brain, 
destruction of some brain tissue, or haemor-
rhage inside the brain or on its surface 
which may cause compression. 
All of these injuries may be complicated by 
a compound fracture of the skull with the 
risk of superadded infection. 
Clinically head injuries may be classified 
into Mild, Moderate, Severe and Fatal. I wish 
to comment only on those classified as 
Severe, 
MANAGEMENT OF THE SEVERE HEAD INJURY 
Severe head injuries account for 35% of 
the hospital cases and of them one-fifth die 
within 24-48 hours. It is the remainder whose 
management I will discuss in some detail as 
these cases are the ones most commonly seen 
by physiotherapists. The patient may be 
unconscious for days or weeks, there are 
usually associated injuries, and intracranial 
bleeding and compound skull fracture necessi-
tating operation are common. These patients 
require very skilled and time-consuming 
management to keep them alive, so let us now 
proceed to discuss this management in the 
light of the various facts that have already 
been mentioned, 
When a person suffers from a severe head 
injury, the results occur in two phases. 
Initially there are the instantaneous primary 
results of the injury such as fracture, brain 
lacerations or bruising, concussion and per-
haps tearing of blood vessels. These in them-
selves may be immediately fatal or may cause 
death within a few hours due to damage to 
the vital centres. The second phase results 
occur later and include such effects as shock, 
raised intra-cranial pressure due to oedema 
or haemorrhage, and infections of bone, 
brain, lungs or bladder, dehydration, uraemia 
and so on. 
The primary effects must be accepted as 
they come with the patient; one tries to cor-
rect them if possible, for example, by raising 
depressed fractures and by doing all one can 
to keep the patient alive. The secondary 
effects, however, are in quite a different 
category—these are all treatable and in most 
cases preventable, and this fact gives the clue 
to the management of the patient. 
Let us assume that the patient has reached 
the ward, preferably a special acute treatment 
ward, after having been X-rayed, and that 
he is unconscious or semi-conscious. 
The most important item is to ensure a clear 
airway, as a partly blocked airway causes a 
rise in venous pressure and dilation of cereb-
ral vessels from anoxia and encourages bleed-
ing, Either an artificial airway may be 
put into the pharynx or an endotracheal tube 
into the trachea. If the patient does not im-
prove within several days these temporary 
measures may have to be superseded by a 
tracheotomy to enable aspiration of bronchial 
secretions which if left will result in a pos-
sibly fatal pneumonia supervening. In the 
semi-conscious patient, posture alone may give 
an adequate airway, and postures such as 
Sim's position with the patient on his side, 
with the head kept low, are used. In either 
case the position must be changed regularly— 
two hourly—to prevent pooling of secretions 
in the dependent lung. Suction apparatus to 
deal with vomit or bronchial secretions is 
always kept at hand to prevent drowning. 
Next to ensuring a clear airway, the control 
of haemorrhage by pressure, suture, or, if 
internal and profuse, by operation and trans-
fusion, ranks in urgency. Once haemorrhage 
is controlled and lost blood is replaced, shock 
is minimized or further treated in the usual 
manner by replacing fluids via the intravenous 
route, using fluids such as serum, dextran 
saline with glucose, or blood as indicated 
until the blood pressure is back to a normal 
level and remains steady. 
The injection of antitetanus serum or 
toxoid, antigas-gangrene serum, antibiotics 
and so on are also given in the initial stages. 
These are all urgent measures and have 
generally been carried out before the physio-
therapist arrives on the scene. The more 
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leisurely, but BO less important features of 
management, which you will doubtless see, 
are now described. 
Routine observations 
The frequent recording of the temperature, 
pulse, respiration and level of consciousness 
is commenced. The temperature often rises 
in injuries to the brain stem with damage to 
the heat regulation centre, and hyperpyrexia 
is not uncommon. If the temperature rises 
above 101 °F. and is not due to infection, 
measures to cool the patient are initiated, 
such as tepid sponging, covering the exposed 
body with a wet sheet or packing the limbs 
with ice. Sometimes in cases of generalized 
brain damage it is decided to lower the body 
temperature from 98.4°F. to 90°F. or less 
because at these hypothermic temperatures 
the metabolism and oxygen requirement of 
the brain is reduced and natural processes 
are given more time to effect repair. Oedema 
and raised pressures will also decrease. Hypo-
thermia is achieved by ice packing, fan cool-
ing, plus the use of drugs such as Largactil. 
It may be continued for many days and is 
controlled by the use of a rectal thermocouple. 
The pulse chart is even more important 
since it may give warning of intracranial 
bleeding, as a rise in pressure inside the 
skull results in an elevation of the blood 
pressure and a slowing of the pulse rate. 
Consequently the pulse and blood pressure 
may be recorded as often as every fifteen 
minutes in the early stages and is continued 
until the patient reaches a stable state towards 
improvement. 
Respirations in severe head injuries are 
often stertorous due to lack of tone in the 
muscles of the upper respiratory passages. 
It is an ominous sign* Quiet respirations 
suggest the absence of severe brain injury. 
A rise in the rate may herald the onset of 
pneumonia, whereas a change to slower or 
noisy breathing may suggest a rise in intra-
cranial pressure. 
The prevention of pneumonia in these 
unconscious patients is vital and it is in this 
role that the physiotherapist plays a most 
important part in the early stages. Frequent 
changes of posture, loosening of bronchial 
secretions by chest percussion, combined with 
aspiration of bronchial and salivary secre-
tions by the nursing staff, are all aimed at 
preventing pneumonia which, if it occurs, can 
make all the difference in these patients 
between life and death. 
The level of consciousness is also a vital 
observation to be charted. The aim is to de-
termine whether the patient is becoming more 
or less conscious, and this is achieved by ob-
servations on his responses to pain, vocal 
stimuli, and by noting whether he can swal-
low or cough, or make any spontaneous 
movements. Because many shifts of doctors 
and nurses will care for this patient over a 
period of days or weeks it is essential that 
there be a common code of observations so 
that a new observer may gauge any change 
by noting the previous charted observations. 
The grades of consciousness as as follows: 
(a) Coma—The patient is unconscious, 
there is no response to stimuli. 
(b) Semi-coma—The patient is more con-
scious and responds to pain or a 
vigorous shake. Deep and superficial 
reflexes are present. 
(c) Stupor—In this grade the patient is 
irritable, unco-operative and lies curled 
up with no spontaneous activity. 
(d) Confusion—In this stage the patient 
is conscious but cannot think clearly 
or understand his surroundings. Severe 
confusion may result in delirium and 
irritability. Various levels exist up to 
that of mental sluggishness. 
It is in these last two grades that the 
patient may resent the disturbance due to 
nursing or physiotherapy measures and may 
shout, be abusive and generally unco-opera-
tive. It is here that all your skill is required 
to obtain the desired results of lung ventila-
tion or limb exercises. 
Occasionally such irritability and restless-
ness is due to pain, thirst, or a full bladder, 
but if they are eliminated such patients may 
have to be sedated, often quite heavily, with 
Paraldehyde or Bromides in order to prevent 
them doing harm to themselves or their atten-
dants. 
(e) Finally, as the patient recovers, he 
passes into a stage of what is termed 
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automatism where behaviour is gener-
ally normal but there are still oddities, 
for example, they can not remember 
what they said or did yesterday, or 
they are somewhat emotionally un-
inhibited and may put an arm around 
the nurse or may make unexpected 
suggestions. When this occurs it is 
necessary to remember that this is a 
head injury patient, and not a normal 
person (even if it is difficult to tell the 
difference). 
The remaining chart kept of these patients 
is the fluid-balance chart on which the input 
and output of liquids is recorded, with due 
allowance being made for losses by sweat 
and respiration. Head injury patients often 
pass unusually large amounts of urine and 
thus dehydrate themselves, and as they often 
won't take liquids orally it is necessary to 
give them fluids by intravenous transfusion 
or by an intragastric drip, especially if the 
coma is prolonged for more than a day or 
two. 
Routine treatment 
We have now dealt with the routine obser-
vations and their significance. Let us con-
sider next the routine treatment, as we have 
already discussed the urgent treatment. 
One may say that the routine treatment in 
a head injury is preventative treatment unless 
a complication develops. 
One aims to prevent pneumonia and 
already I have outlined the manner in which 
this is done and the important role played 
by the physiotherapist. When the coughing 
and swallowing reflexes are present the 
patient may be put into the half-sitting-up 
position. 
One aims to prevent exhaustion by giving 
the patient adequate fluid and adequate calo-
ries. The latter is achieved by a liquid diet 
of milk, sugar, eggs with added vitamins 
administered down a Ryle's tube into the 
stomach. A restless patient needs 2,000 calo-
ries per day. One also prevents exhaustion 
by combating restlessness by eliminating the 
causes and administering sedatives, and by 
combating hyperpyrexia as mentioned pre-
viously. 
While all these special measures are being 
carried out, the routine nursing procedures 
of general care, and the care of the mouth, 
ejes^ skin, bladder and bowels, goes on. 
The patient is allowed out of bed when 
recovery to consciousness has occurred and 
there is freedom from headache. 
Occasionally special investigations are 
needed. A lumbar puncture to withdraw 
cerebrospinal fluid is sometimes indicated. 
More often a cerebral arteriogram is done, 
in which a radio-opaque solution is injected 
into the carotid artery and a rapidly taken 
series of X-ray films of the head will outline 
the vascular pattern of the brain and thus 
show any distortion or displacement which 
assists the surgeon in deciding where to 
operate. This investigation is used particu-
larly in cases of prolonged coma. 
During the weeks that such a seriously 
injured patient has been bedridden, the 
physiotherapist is engaged in the not so easy 
job of trying to maintain muscle tone, joint 
movement, lung aeration, and in minimizing 
muscle wasting in the limbs or trunk affected 
by the injury or by disuse. I do not intend 
to elaborate on this aspect except to make the 
comment that the often unobtrusive work 
done by members of your profession is valued 
and appreciated by the surgeons concerned. 
You will note from this outline of manage-
ment that we are trying to prevent or treat 
the secondary effects of head injury which 
occur after the original trauma, and mean-
while we wait for recovery to occur by 
natural processes, as is the case in many 
fields of medicine. 
The role of operative surgery in these 
patients is limited to correcting bone de-
formity, stopping bleeding or relieving intra-
cranial pressure. With regard to bone 
damage: a depressed fracture is elevated, 
maybe some bone is removed, and the under-
lying membrane and brain damage repaired 
as well as possible. 
For intracranial haemorrhage surgery is 
often necessary and often difficult. The skull 
is opened either by a trephine or burr hole 
or by cutting a bone flap and opening the 
side of the skull like a door. The clots are 
removed and the source of bleeding searched 
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for and stopped. This is often very difficult 
as some of the major vessels of the brain 
cannot be ligated without serious conse-
quence, and sometimes the bleeding vessel 
is inside the brain itself. I am not going to 
detail how these situations are dealt with 
except to say that the operations can be long 
and tedious and often are unrewarding as 
concomitant brain damage causes the death 
of the patient. After such operations the 
nursing care and medical management is the 
same as for the acute head injury. 
REHABILITATION 
Regardless of other injuries, patients with 
head injuries fall into two groups: those 
recovering without obvious physical defects 
and those with residual physical disability. 
Of the second group, the treatment of para-
lyzed or weak muscles and their affected 
joints may be the main concern; other 
patients may be dizzy or unsure of their 
balance and need graduated exercises to train 
them in balancing, as well as instruction in 
walking; some patients require orthoptic 
exercises. After a severe head injury patients 
usually have one or more of the symptoms 
of the post-concussional syndrome such as 
head pains, dizziness, insomnia, changes in 
disposition or intellect, neurosis or psychosis; 
their rehabilitation is important. Rehabilita-
tion has been defined as a system of graduated 
physical and mental exercises in an atmo-
sphere of encouragement; encouragement 
depends on understanding. Physiotherapists 
may have much prolonged association with 
these patients at this stage and it is here that 
understanding of the processes which have 
been outlined becomes essential. When very 
sick, it is the little things that cheer or pacify 
a patient. Mental and moral support by all in 
attendance is greatly needed as patients often 
imagine that following a head injury they will 
have impaired brain function. Reassurance is 
needed from the beginning, and must be 
repeated; remarks or discussion of technical 
details which might frighten the patient should 
be avoided; neither doctors nor ancillary 
personnel should, because of boredom with 
prolonged therapy, allow their attitude and 
degree of care to change, so causing the patient 
to feel less confident. 
Rehabilitation is a most important phase 
in the management of severe head injuries as 
it is at this stage that the patient is once 
again made a useful citizen rather than just 
a surgical success. 
